It is known that substituted benzenes have more or less characteristic absorption frequencies in the 700 -800 cm-1 region. The intensity and shifting of the band(s) depend on the number and the position(s) of the substituent(s).1 The hydroxyl-stabilizing region for phenols is from 3645 to 3657 cm 1 for unshifted compounds. A substantial shift of the absorption band, however, occurs in ortho substituted phenols.2 Variations are also observed within a given class of compounds when measured as solids and liquids, gases or solutions.
For years, Fourier-Transform Infrared (FTIR) techniques have been applied to detect and identify compounds separated by gas chromatography.3 Interpretation of the spectra is approached in several ways, as suggested by Delaney et al.2 Among these methods, a manual assignment of the bands and computerized spectral interpretation methods are commonly used. The Environmental Protection Agency (EPA) vapor phase library is one of the most commonly known and used.4 However, the availability of vapor-phase reference spectra in libraries is limited.
Our search to compare and identify substituted phenols and substituted phenyl ethers from existing library sources was not completely successful. We encountered a limited number of reference spectra of substituted phenols and fewer reference spectra of substituted phenyl ethers. The spectra of the compounds successfully retrieved from the EPA vapor phase library were found not to be in good agreement with the observed frequencies of substituted phenols and substituted phenyl ethers encountered under our experimental conditions. To supplement the use of the library in support of in-house analytical requirements, additional spectra of these compounds are routinely included in the main spectral library. By a manual assignment of the bands, we have discerned ortho-and para-substitution as well as the substituents on the benzene ring in the phenols and phenyl ether compounds. Table 1 . These compounds were found in a low molecular weight phenolic resole solution known commercially as Methylon®.
The resin was further modified with allylphenyl ether.
The compounds were separated chromatographically and the molecular mass was verified by mass spectroscopy prior to the identification of the compounds by FTIR spectroscopy. The separation was performed on a 50 m DB-5 megabore column installed in a Hewlett-Packard 5880 gas chromatograph with a helium carrier gas flowing at 3.0 ml/ min. The oven temperature was programmed from 100 to 220°C at 10°C/mm n after a two-minute isothermal hold at 100°C. A final isothermal period at 220° C was maintained for 15 min. The infrared spectrometer employed was a Nicolet 20SXB with an MCT-A detector mounted externally in a GC interface module. The light pipe in the interface module was maintained at 225° C. Spectra were collected at 8 cm' resolution (2048 data points) with a scan rate of 4 interferograms/ s. The spectra were co-added across the chromatographic peak to improve the signal-to-noise ratio.
Results and Discussion
Substituted phenols
The vapor-phase spectrum of the o-allyl phenol is presented in Fig. 1(a) . The strong absorbance band at 747 cm 1 indicates that the allyl substitution on the benzene ring is in the ortho position with respect to the 0-H position of the phenol. Ortho substitution can further be recognized from the splitting of the phenolic 0-H stretching band into two frequencies at 3656 cm 1 and 3592 cm 1, caused by intramolecular hydrogen bonding between the hydroxyl and the adjacent allyl groups Absorbance bands due to the allyl group are seen at 3082, 3027, 1637 and 917 cm 1. The C-0 stretching frequency of the phenol, as expected, has shifted from 1184 to 1209 cm' due to substitution of the allyl group at the ortho position of the phenol. The spectrum of the p-allyl phenol is shown in Fig. 1(b) . A band, due to allyl substitution on the benzene ring, is seen at 818 cm'.
Since the allyl substitution is in the para position, no splitting of the 0-H band is observed. The phenol 0-H stretching and C-0 stretching bands can be seen at 3653 and 1172 cm 1 respectively. The spectrum of the o-hydroxymethyl phenol is shown in Fig. 1(c) . It can be seen that the 0-H stretching band is split into two bands at 3645 and 3508 cm 1 due to intramolecular hydrogen bonding between phenolic hydroxyl and methylhydroxylmethyl groups. Ortho substitution on the benzene ring is indicated by the strong absorbance band at 747 cm 1 and the higher frequency shift of the phenolic C-0 stretching absorbance band from 1184 to 1236 cm 1. Figure 1(d) is the vapor-phase spectrum of phydroxymethyl phenol. In the spectrum, the methylol C-0 stretching vibration band is seen at 1024 cm 1. The band at 825 cm' indicates that the substitution on the benzene ring is in the para position. The phenolic 0-H and C-0 bands at 3650 and 1174 cm 1, respectively, have been shifted slightly, but insignificantly to consider an 
Substituted phenyl ethers
The spectrum of the compound o-allyl, allyl phenyl ether is presented in Fig. 2(a) . The absorbance bands due to C-C of the allyl group are seen at 915, 3027 and 3079 cm'.
The allyl ether C-0 stretching band is seen at 1235 cm 1. The band has shifted to a lower frequency with respect to the unsubstituted allylphenyl ether analog, where the band is generally observed at 1238 cm 1. The band at 751 cm' indicates that the substitution is in the ortho position. Figure 2(b) is the vapor-phase spectrum of p-allyl, allylphenyl ether. The band at 921, 3090 and 3034 cm 1 can be attributed to allyl moities. Para substitution of the benzene ring is indicated by the band at 835 cm 1. The allyl ether C-0 stretching band is seen at 1238 cm 1 and, as expected, has not shifted. The spectrum of the o-hydroxymethyl allylphenyl ether is shown in Fig. 2(c) . The absorption band at 749 cm' indicates that the ortho substitution is in the benzene ring. The strong band at 1021 cm 1 is due to C-0 stretching of the allyl ether group. The band shift of the hydroxyl group from 3655 cm' to 3635 cm' is due to the intramolecular hydrogen bonding between the allyl ether group and hydroxymethyl groups of the methylol. Figure 2(d) is the spectrum of the corresponding phydroxymethyl allylphenyl ether. It can be seen that the absorption bands in this spectrum and the spectrum in Fig. 2(c) 
